This paper describes the synthesis of a new biobased bis(cyclic carbonate) derived from 2,5-furandicarboxylic acid (FDCA) with the incorporation of CO 2 . The bis(cyclic carbonate) was then used to synthesize non-isocyanate polyurethanes (NIPUs) via polyaddition reactions with a series of diamines. The chemical structures of the bis(cyclic carbonate) and the NIPUs were characterized by Fourier transform infrared spectroscopy (FT-IR) and proton nuclear magnetic resonance spectroscopy 
Introduction
Globally, polyurethane (PU) is the sixth most consumed polymer with an annual production of over 12 million tons.
1,2 Conventional PUs are synthesized from polyols and isocyanates. By changing formulations with different polyols and isocyanates, a variety of PUs with specic properties can be developed for a broad range of industrial applications, including coatings, foams, paints, thermoplastics, adhesives, and sealants. [3] [4] [5] [6] However, isocyanates are considered to be hazardous to the environment and human health. 4, 7, 8 Moreover, isocyanates are typically produced from the reactions of amines with phosgene, which can be extremely dangerous to humans. 6, 9, 10 Environmental and health hazard concerns over the use of isocyanates have led to an increasing demand for the development of environmentally-friendly processes for PU production without using toxic isocyanates. 8 The development of novel non-isocyanate polyurethanes (NIPUs) has received increased attention in recent years. Generally, linear NIPUs can be synthesized from three synthetic routes: the copolymerization of an aziridine with CO 2 , the transurethanization between a bis(carbamate) and a diol, and the ring-opening polyaddition between a bis(cyclic carbonate) and a diamine. 6 The third route is currently the most studied one because of its large potential for industrial production, and numerous bis(cyclic carbonate)s are being tested in laboratories for the use as precursors for NIPU production. 8 Because bis(cyclic carbonate)s are generally synthesized from the reaction of diepoxides with CO 2 , the production of NIPU via this route is considered to be an important strategy for chemical xation of CO 2 .
11 It is predicted that the production of cyclic carbonates and their derivatives would be able to reduce CO 2 emissions by 120 million tons per year if the production process could be improved. 12 The NIPU prepared via this route is also called poly(hydroxyurethane) (PHU) owing to the formation of hydroxyl groups that result from the opening of cyclic carbonate rings. 10 The hydroxyl groups can form hydrogen bonds to the carbonyl oxygens within the urethane linkages, accounting for a number of characteristics of PHU, such as improved hydrophilicity, reduced crystallinity, and increased resistance to organic solvents.
Due to the increasing environmental concerns associated with the use of fossil fuel-based PUs, a number of synthetic strategies have been investigated for the synthesis of PHUs from renewable resources. Most of the currently available biobased PHUs are derived from vegetable oils, especially soybean oil and linseed oil. 11, 16 Vegetable oils are fatty acid triglycerides with various degrees of unsaturation which can be epoxidized by a peroxide or a peracid. Epoxidized vegetable oils can further react with CO 2 to yield vegetable oil-derived poly(cyclic carbonate)s. Eventually, biobased PHUs can be synthesized by the reaction between these poly(cyclic carbonate)s and diamines or triamines. However, the uncontrolled functionality and varied structures of vegetable oils sometimes result in illdened networks of the resulting cross-linked PHUs. 17, 18 For this reason, several attempts have been made to synthesize linear PHUs from vegetable oils. For example, unsaturated fatty acid diesters can be obtained by the transesterication of vegetable oils with diols. These diesters can be epoxidized, and then carbonated and, subsequently, reacted with diamines to generate linear PHUs. 18 Although substantial progress has been made on the synthesis of PHUs from vegetable oils, the problems related to their potential competition with food production remain a concern.
19 In this regard, the focus of the research on biobased PHUs is shiing toward the synthesis of PHUs from non-food renewable resources. Untill now, only a few synthetic routes have been put forward for the synthesis of biobased PHUs from non-food feedstocks, such as ligninderived bisphenols and limonene.
11,20
The compound 2,5-furandicarboxylic acid (FDCA) is a promising non-food renewable building block that can be obtained from cellulosic biomass. 21 It has been considered to be a potential replacement for petroleum-based terephthalic acid for the production of polyesters and resins. 19, 22 Considering its dicarboxylic acid structure and biobased property, FDCA is anticipated to be a potential building block for synthesis of biobased PHUs. As far as we know, there has not been any report on the use of FDCA for the synthesis of PHUs. As shown in Scheme 1, we are proposing an innovative synthetic route to produce the biobased PHUs from an FDCA-derived bis(cyclic carbonate) and diamines. The inuence of the chemical structures of these PHUs on their properties is also discussed in this paper.
Experimental

Materials
FDCA was provided by the Dagaote Technology Co. (Mianyang, Sichuan, China). N,N-Dimethylformamide (DMF), dichloromethane, m-chloroperoxybenzoic acid (70-75%), tetraethylammonium bromide (TEAB), 1,6-hexanediamine, 1,8-diaminooctane, isophorondiamine, allyl bromide, dimethyl sulfoxide-d6 (DMSO-d6), and chloroform-d (CDCl 3 ) were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Fisher Scientic (Hampton, NH, USA).
Synthesis of diglycidyl ester of FDCA (DGF)
DGF was synthesized from FDCA in two steps. Firstly, bis(prop-2-enyl)furan-2,5-dicarboxylate (FDCE) was synthesized via the dehydrobromination reaction between FDCA (50 g) and allyl bromide. Subsequently, the obtained FDCE (38 g) was epoxidized with m-chloroperoxybenzoic acid to produce DGF (24.5 g). The detailed synthetic procedures of FDCE and DGF were described in previous literature. 23 The yields of FDCE and DGF in this study were 50% and 57%, respectively. The chemical structures of FDCE and DGF were conrmed by Fourier transform infrared spectroscopy (FT-IR) and nuclear magnetic resonance spectroscopy ( 1 H NMR).
FDCE. FT-IR (KBr, cm
À1
): 3146 and 3110 (furan ring ]C-H), mol% with respect to DGF) were dissolved in dichloromethane (30 mL) that was dried over molecular sieves beforehand. The resulting solution was then loaded into a stainless steel reactor (50 mL), which was equipped with a magnetic stirrer and a pressure gauge under a nitrogen atmosphere. 
Synthesis of PHUs
With the successful synthesis of the FDCA-derived bis(cyclic carbonate), a series of PHUs were synthesized via a polyaddition reaction with different diamines (1,6-hexanediamine, 1,8-diaminooctane, and isophorondiamine) at different temperatures (140 C, 160 C, and 180 C). Typically, the bis(cyclic carbonate) (2.00 g, 5.62 mmol) and a diamine (5.62 mmol) were introduced into a glass reactor and then were heated to a xed reaction temperature using an oil bath under a nitrogen atmosphere. DMF (1 mL) was used as a solvent for the reactions that were conducted at 140 C and 160 C to reduce the high viscosity of the reaction mixture, while no solvent was used for the reactions conducted at 180 C. The reactions were terminated when the characteristic absorption peak of the cyclic carbonate groups disappeared in the FT-IR spectra. Aer the reactions, the PHUs were obtained as brown brittle solids. The PHUs were then crushed into small particles and dried in a vacuum oven at 50 C for 24 h to remove DMF and the moisture that the PHUs might have absorbed from the atmosphere. The yields of the PHUs were between 81% and 98%. The chemical structures and thermal properties of the PHU products were characterized without further purication. Thermogravimetric analysis (TGA). TGA was performed using a TA Q50 thermogravimetric analyzer (TA Instruments, New Castle, DE, USA). The PHU samples (5-10 mg) were heated from room temperature to 550 C at a heating rate of 10 C min À1 under a nitrogen atmosphere.
Differential scanning calorimetry (DSC). DSC analysis was performed using a TA Q20 differential scanning calorimeter (TA Instruments, New Castle, DE, USA) equipped with refrigerated cooling. Aer the PHU samples ($5 mg) were heated to 150 C to erase the previous thermal history, heating scans were run from À50 C to 150 C at 10 C min À1 . The glass transition temperatures (T g ) were determined as the inection points in the DSC thermograms obtained in the heating scans. Both DSC and TGA data were analyzed using Universal Analysis 2000 soware (TA instruments, New Castle, DE, USA). Gel permeation chromatography (GPC). The numberaverage molecular weights (M n ) and polydispersity indexes (PDI) of the PHUs obtained were measured by a GPC system (Polymer Laboratories Ltd., Church Stretton, UK) equipped with a series of linear Shodex columns (KD-802.5, KD-804 and KDG) (Showa Denko K.K., Tokyo, Japan) and a refractive index detector (Waters, Mildford, MA, USA). The system was operated using DMF (containing 0.02 M of LiBr) as the eluent at a ow rate of 1 mL min À1 at 50 C and calibrated using polystyrene standards.
Results and discussion
Synthesis and characterization of FDCE and DGF
In this study, a two-step epoxidation process was used to prepare DGF from FDCA as described in the literature. 24 Alternatively, a one-step procedure could also be used to prepare DGF via the esterication between FDCA and epihalohydrins, such as epichlorohydrin and epibromohydrin. However, the direct esterication of FDCA with epihalohydrins would inevitably result in the generation of oligomers with different degrees of polymerization, making it difficult for product separation.
23,25
The FT-IR spectra of FDCA, FDCE, and DGF are displayed in Fig. 1 . Compared to the spectrum of FDCA, the broad absorption band ascribed to the hydroxyl stretch of the carboxyl groups between around 2500 cm À1 and 3000 cm À1 was absent in the spectrum of FDCE. The structure of FDCE was also conrmed by the characteristic absorption peaks of the -C-H stretch of methylene groups at 2938 cm À1 , the ]C-H stretch of the allyl groups at 3013 cm À1 , and the -C]C-stretch of the allyl groups at 1652 cm
À1
. In addition, the absorption peak of the carbonyl stretch was shied from 1665 cm À1 to 1719 cm À1 in the process, due to the carboxyl acid groups of FDCA being transformed to carboxylate ester groups. Aer FDCE was oxidized to DGF, the characteristic -C]C-absorption peak of the allyl groups disappeared, and a new peak appeared at 868 cm À1 , which was ascribed to the characteristic absorption peak of the epoxy rings. the olenic protons of the allyl groups totally disappeared in the 1 H NMR spectrum of DGF, indicating the total conversion of FDCE. New signals observed at 2.75 and 2.93 ppm were ascribed to the methylene protons on oxirane rings, and the signal at 3.35-3.37 ppm was ascribed to the methine protons on epoxide rings. The doublets of methylene protons adjacent to the ester groups were shied from 4.82 ppm to 4.22-4.24 and 4.65-4.68 ppm upon the substitution of double bonds to epoxide groups. The signal corresponding to the protons on the furan ring did not shi substantially due to the similar chemical environment.
Synthesis of and characterization FDCA-derived bis(cyclic carbonate)
A ve-membered bis(cyclic carbonate) was obtained via the cycloaddition reaction of DGF with CO 2 catalyzed by TEAB (Scheme 2). TEAB is considered to be an efficient catalyst for the cycloaddition of epoxides with CO 2 . The highly reactive bromide anions of TEAB attack the epoxide leading to the opening of epoxy rings, followed by the generation of a bromo-alkoxide. The bromo-alkoxide then attacks the carbon atom of CO 2 to produce ve-membered cyclic carbonate rings. 26, 27 In this reaction, the reactant and the catalyst were soluble in dichloromethane, while the bis(cyclic carbonate) was not. Therefore, a simple washing and drying procedure could be used for product separation and catalyst recycling. Finally, pure bis(cyclic carbonate) was obtained.
The chemical structure of the bis(cyclic carbonate) was conrmed by FT-IR and 1 H NMR analyses. As shown in the FT-IR spectrum of the bis(cyclic carbonate), the characteristic absorption peak of the epoxide groups disappeared, and two new characteristic absorption peaks, which were ascribed to the C]O and C-O bonds on the ve-membered cyclic carbonate rings, appeared at 1778 and 1100 cm À1 , respectively (Fig. 1) .
This indicated the successful conversion of the oxirane groups into cyclic carbonate groups. In the 1 H NMR spectrum of the FDCA-derived bis(cyclic carbonate) shown in Fig. 2 , aer the insertion of CO 2 into the epoxide rings, the signal of the methine protons originally located on the epoxide rings was shied from 3.35-3.37 ppm to 5.14-5.19 ppm, which was the characteristic signal region of the methine protons of the cyclic carbonate rings. Similarly, the signals of the methylene protons of the epoxide rings were shied from 2.75 and 2.93 ppm to 4.40 and 4.53 ppm, respectively, upon the carbonation of the epoxide groups. The signal at 4.60-4.65 ppm was assigned to the methylene protons adjacent to the cyclic carbonate groups and the signal at 7.44 ppm was assigned to the protons on the furan ring. The 1 H NMR results further validated the cycloaddition of oxirane groups with CO 2 for the formation of cyclic carbonate groups. No diepoxy or mono-epoxy compound was detected, indicating that the bis(cyclic carbonate) product obtained was of high purity.
Synthesis and characterization of FDCA-derived PHUs
A series of PHUs were synthesized from the polyaddition reaction of the bis(cyclic carbonate) and three different diamines. The synthesis of PHU is usually carried out at elevated temperatures to allow for faster reaction rates. However, side reactions such as crosslinking of the furan rings and the degradation of carbamate to urea or amide, may occur at high temperatures. In addition, high reaction temperatures may also cause the evaporation of diamines. For these reasons, it is advised that PHU synthesis should not be carried out at temperatures above 180 C. In this study, three widely studied diamines, 1,6-hexanediamine, 1,8-diaminooctane, and isophorondiamine, were used to synthesize PHUs at three different temperatures to study the effects of diamine structure, as well as reaction temperature, on PHU properties, including molecular weight and thermal properties. The synthesis of PHUs can be carried out either in solvent or without solvent. When the reaction was conducted at 140 C or 160 C, a small amount of solvent was added to reduce the viscosity of the reactant mixture, which is necessary for further polymerization. At 180 C, the reactions can be carried out without solvent owing to the decreased viscosity of the reaction mixture at this higher temperature. Since most PHUs are soluble in polar aprotic solvents due to the hydrophilicity of the hydroxyl groups, DMF was used as the solvent in this study. Fig. 3 shows the FT-IR spectra of the reaction mixture of the FDCA-derived bis(cyclic carbonate) and a diamine at different reaction times. At the beginning of the reaction, a broad characteristic band appeared at 3319 cm À1 , indicating the formation of the hydroxyl groups resulting from the opening of the cyclic carbonate rings. Meanwhile, due to the unreacted bis(cyclic carbonate) presented at the early stage of the reaction, two characteristic peaks of the cyclic carbonate groups were observed at 1792 and 1050 cm À1 in the FT-IR spectrum aer 6 h of reaction. As the reaction time increased, the intensity of these two peaks gradually decreased. Aer four days of reaction, these peaks almost disappeared, indicating the consumption of the bis(cyclic carbonate). The chemical structures of the PHUs were further conrmed by 1 H NMR analysis. Fig. 4 is an example of the 1 H NMR spectrum of a typical PHU synthesized from 1,6-hexanediamine. The signals at 8.38-8.68 (f) ppm were assigned to the protons on the urethane groups, conrming the urethane structure of the nal product. The signals at 1.31-1.60 (h), and 2.89-3.16 (g) ppm were assigned to the methylene protons on the alkyl groups. It was known that both primary and secondary hydroxyl groups could be formed along the PHU backbone due to the two different ring-opening pathways of the cyclic carbonates. In Fig. 4 , two signals were observed at 4.95-5.10 (e 1 ) and 3.73-3.82
(e 2 ) ppm, corresponding to the formation of the primary and secondary hydroxyl groups, respectively. A small signal corresponding to the methine protons on the cyclic carbonate rings was also observed at 5.14-5.19 ppm, indicating the incomplete conversion of the bis(cyclic carbonate). The product yield was determined by comparing the integral areas of the methine protons of cyclic carbonate groups and the protons of urethane groups in the 1 H NMR spectra. Table 1 summarizes the yields of the PHUs synthesized from the FDCAderived bis(cyclic carbonate) and different diamines at different reaction times and temperatures.
As expected, temperature had an effect on the reactivity of the polyaddition between the FDCA-derived bis(cyclic carbonate) and diamines. When the reactions were conducted at low temperatures, longer times were required for these reactions to reach similar conversions of the bis(cyclic carbonate) than that at high temperatures (Table 1 ). In this study, when the experiment was carried out at 80 C, the polyaddition reaction barely occurred. However, according to the literature, it was reported that high yields of PHUs could be obtained from the polyaddition between a terephthalic acidderived bis(cyclic carbonate) and 1,6-hexanediamine at room temperature. 28 This result indicated that the FDCA-derived bis(cyclic carbonate) had much lower reactivity with diamines compared to the terephthalic acid-derived bis(cyclic carbonate) even though they had similar chemical structures. The low reactivity of the FDCA-derived bis(cyclic carbonate) might be attributed to the electron-donating effect of the oxygen atom on the furan ring. The electron-donating substitute on the bis(cyclic carbonate) decreased the electrophilicity of the carbonyl carbon on the cyclic carbonate rings, making it unfavorable for the nucleophilic polyaddition of the bis(cyclic carbonate) with diamines.
At 140 C, the reaction of the bis(cyclic carbonate) with 1,8-diaminooctane was slightly faster than that with 1,6-hexanediamine, probably due to the unhindered character of the longer Fig. 3 FT-IR spectra of the reaction mixture of the FDCA-derived bis(cyclic carbonate) and 1,8-diaminooctane at 140 C and different reaction times. Fig. 4 1 H NMR spectra of PHU synthesized from the bis(cyclic carbonate) and 1,6-hexanediamine at 180
C for 8 h (*: impurity).
carbon chain of 1,8-diaminooctane. 29 When the reactions were conducted at 160 C and 180 C, the reactivity of the bis(cyclic carbonate) with these two aliphatic diamines seemed to be similar. In contrast to these two types of aliphatic diamines, isophorondiamine showed much lower reactivity to the bis(cyclic carbonate) due to its higher steric hindrance. The PHUs synthesized in this study were found to be resistant to a variety of organic solvents, including dichloromethane, acetone, and tetrahydrofuran, regardless of the diamine used and reaction temperature, and only partially soluble in DMF, DMSO, and acetonitrile. When dissolved in DMF, partial precipitations of the PHUs were observed in large quantities especially when the PHUs were synthesized from aliphatic diamines at high reaction temperatures. On the other hand, when using isophorondiamine, the PHUs obtained were almost completely soluble in DMF with only small amounts of precipitates observed. The insoluble parts of the PHUs were probably byproducts formed by the crosslinking of furan rings, and the results indicated that high reaction temperatures and exible structures of diamine seemed to make the crosslinks more signicant.
The molecular weights and distributions of the PHUs were determined by GPC analysis using DMF as a solvent (ESI, Fig. S1-S3 †) . The results showed that the number-average molecular weights (M n ) of the PHUs were between 3900 g mol À1 and 7000 g mol À1 , and the polydispersity indexes (PDI)
were in the range from 2.3 to 4.3 (Table 1 ). In comparison to the PHUs (a M n of 13 200 g mol À1 and a PDI of 1.8) produced from terephthaloyl bis(cyclic carbonate) and 1,6-hexanediamine, 28 the PHUs synthesized from the FDCA-derived bis(cyclic carbonate) and 1,6-hexanediamine in this study had relatively lower M n , which resulted from the low reactivity of the FDCAderived bis(cyclic carbonate) due to the electron-donating effect of its furan ring. However, when synthesized from isophorondiamine, the PHUs produced in this study had slightly larger M n than those, according to the literature, produced from terephthaloyl bis(cyclic carbonate). 30 As shown in Table 1 , the M n of the PHUs strongly depended on the structures of the diamines that were used. The PHUs formed with the linear aliphatic diamines had larger M n than those formed with isophorondiamine. The relatively lower M n of the PHUs formed with isophorondiamine could be explained by the low reactivity of the isophorondiamine due to its steric hindrance. Reaction temperature was another important factor that inuenced the M n of the PHUs. The M n of the PHUs produced from the linear aliphatic diamines were lower when prepared at 140 C, but no signicant difference was observed between the PHUs prepared at 160 C and 180 C, and the PDI were higher when prepared at 160 C than at the other two temperatures. For the PHUs produced from isophorondiamine, different patterns of the temperature effects on the M n and PDI were observed. The M n of the PHUs synthesized from isophorondiamine appeared to be relatively larger when produced at 180 C, but high reaction temperature also led to high PDI. Thermal properties of the PHUs synthesized from the FDCAderived bis(cyclic carbonate) and diamines were investigated by DSC and TGA analyses. Typical DSC thermograms of the FDCAderived PHUs are presented in Fig. 5 . No endothermic or exothermic phenomenon was observed from the thermograms, indicating that these PHUs were fully amorphous. According to literatures, most PHUs were able to form amorphous phases, which could be attributed to the presence of hydroxyl groups along the polymer backbones. 3, 31 Since both primary and secondary hydroxyl groups could be formed, depending on which direction the ve-membered cyclic carbonate rings were opened, the random distribution of the primary and secondary hydroxyl groups could hinder the ordering between the polymer chains, therefore preventing the crystallization of PHUs.
17,32,33
The glass transition phenomenon was observed in the DSC thermograms. The midpoints of the transition temperatures in the heating cycles were interpreted as the glass transition temperatures (T g ). As shown in Table 1 , the T g of the PHUs ranged from 63 C to 113 C, depending on the chemical structures of the diamines used. Most studies agreed that the high molecular exibility between the hydroxyurethane groups led to lower T g of PHUs. 1, 28, 30, 34, 35 The octamethylene moiety of the 1,8-diaminooctane-based PHUs should have higher exi-bility of the polymer chains than the hexamethylene moiety of the 1,6-hexanediamine-based ones. However, the PHUs synthesized from 1,8-diaminooctane showed similar T g compared to those synthesized from 1,6-hexanediamine. In contrast, the PHUs synthesized from isophoronediamine gave the highest T g . The rigid cycloaliphatic units of the isophoronediamine-based PHUs gave rather low exibility to the polymer chains and thus resulted in the highest T g . Although the effects of reaction temperature and molecular weight of the PHUs on their T g were observed in some studies, 1 these effects were not clearly observed in this study. Fig. 6 presents typical TGA curves of the FDCA-derived PHUs from three different diamines. All of these PHUs were stable up to 200 C. The slight weight losses from 150 C to 200 C could be attributed to the evaporation of residual diamines or oligomers. Table 2 lists the decomposition temperatures at 5% weight losses (T 5% ) of these PHUs. The T 5% were in the range of 240 C and 279 C, which is similar to the PHUs synthesized from terephthaloyl bis(cyclic carbonate). 28 As shown in the TGA curves, the weights of the PHUs dropped quickly at two temperature ranges, indicating that the PHUs degraded in a two-step process (Fig. 6 ). In the rst step, the maximum degradation rates occurred at a temperature between 307 C and 327 C with weight losses between 20% and 34%. In the second step, the maximum degradation rates occurred between 401 C and 455 C, which were associated with weight losses of 65-75%. The rst step of degradation was due to the degradation of the urethane bonds, which are known to decompose starting at approximately 200 C. 10 In this step, the decomposition of urethanes may occur via three possible mechanisms: the degradation to isocyanates and alcohols; the formation of primary amines, CO 2 , and olens; and the formation of secondary amines and CO 2 .
36 The second step of degradation most likely occurred due to the scission of the furan rings.
The thermal stability of PHU is known to depend on its chemical structure. 37 It was reported that the thermal stability of PHUs synthesized from phenoxycarbonyloxymethyl ethylene carbonate and linear aliphatic diamines increased along with the increase of the number of methylene groups in the diamines. 34 Similarly, the FDCA-derived PHUs synthesized from 1,8-diaminooctane exhibited higher T 5% than those of the analogs synthesized from 1,6-hexanediamine, indicating the higher thermal stability of the 1,8-diaminooctane-based PHUs. The T 5% of the PHUs produced from isophoronediamine were found to be similar to those produced from 1,6-hexanediamine. T max are dened as the temperatures at which the maximum rates of degradation occurred in each degradation step. As shown in Table 2 , the FDCA-derived PHUs produced from 1,8-diaminooctane had T max similar to those produced from 1,6-hexanediamine in the rst step of degradation. However, in the second step of degradation, the T max of the PHUs produced from 1,8-diaminooctane were slightly higher, and the weight losses corresponding to the T max were also slightly larger. In 180  269  313  21  455  74  Isophorondiamine  140  254  327  30  418  75  Isophorondiamine  160  256  326  34  401  69  Isophorondiamine  180  251  320  29  416  75 contrast to the PHUs produced from the linear aliphatic diamines, the PHUs produced from isophoronediamine showed slightly higher T max in the rst step of degradation, and much lower T max in the second step of degradation.
Conclusions
FDCA has been recognized as a promising renewable platform chemical for developing biobased polymeric materials. In this study, a new biobased bis(cyclic carbonate) was, for the rst time, successfully synthesized from FDCA through its epoxidation followed by the integration of CO 2 . The feasibility of using this bis(cyclic carbonate) as a monomer to react with various diamines for the development of biobased PHUs via a nonisocyanate pathway was also explored in this study. The chemical structures and thermal properties of these FDCA-derived PHUs were characterized using FT-IR, 1 H NMR, GPC, DSC, and TGA analyses. According to the TGA results, the FDCAderived PHUs exhibited good thermal stability. The PHUs were also found to be fully amorphous, and the T g were highly dependent on the chemical structures of the diamines used. Due to the rigid cycloaliphatic structure, the PHUs synthesized from cycloaliphatic diamine showed higher T g compared to those synthesized from linear aliphatic diamines. In sum, this study provided a novel route for the synthesis of biobased PHUs from non-food renewable resources coupled with an efficient method for CO 2 xation. A major drawback related to the PHU synthesis would be the necessity of a high reaction temperature in order to achieve a reasonable reaction rate due to the low reactivity of the FDCA-derived bis(cyclic carbonate). It would be of great interest to investigate the effect of catalysts on the polyaddition reaction between this bis(cyclic carbonate) and diamines in future studies.
